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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

Tine present invention generally relates to laser 
generating apparatus, and more particularly, is directed 
to an end pumped solid-state laser and pumping source 
thereof. 

Description of the Prior Art 

Conventionally, a laser light source is employed in 
order to efficiently pump or excite a solid-state laser. 

More specifically, in a prior-art side pumping meth- 
od where a laser light source is pumped from a side face 
of a solid state laser rod such as Nd:YAG as shown in 
FIG. 1 , a light resonator is composed of respective side 
faces of, for example, a cylindrical laser medium or laser 
rod 1 . From the laser light source, a pumping or exciting 
light L1 is incident in the direction perpendicular to an 
axis O of the light resonator, that is, onto the side face 
of the laser rod 1 . 

The above-mentioned structure provides a wider 
area which is irradiated with the pumping light L1, 
whereby the whole light quantity of the pumping light LI 
incident to the laser rod 1 can be correspondingly aug- 
mented, so that a laser light LO having a large light in- 
tensity as a whole can be emitted from the laser rod 1 . 
However, the side pumping method is difficult to obtain 
a laser light LO of a spot of short diameter. 

For this reason, an end pumping method is em- 
ployed for obtaining a laser light of a short spot diameter, 
where a pumping light L2 is incident to a laser rod 3 from 
the end face thereof to pump the same, as shown in FIG. 
2. More specifically, mirrors 4, 5 are disposed in the vi- 
cinity of respective end faces of the laser rod 3, whereby 
a light resonator is formed as a whole for a laser light 
LO emitted from the laser rod 3. 

Further, the mirror 4 selectively transmits the pump- 
ing light L2, while the mirror 5 transmits a part of the 
laser light LO and reflects the rest of the same, whereby 
the pumping light L2 is incident on one end face of the 
laser rod 3 through the mirror 4 to pump or excite the 
laser rod 3. The laser light LO resonated by the light res- 
onator composed of the mirrors 4, 5 is emitted through 
the mirror 5. 

With the above structure, a region of the laser rod 
3 on which the pumping light L2 is incident is pumped, 
whereby a laser light is induced and then emitted from 
this pumped region. It is therefore possible to generate 
a laser light LO of a short spot diameter by reducing the 
beam diameter of the pumping light L2. Thus, a light 
beam emitted, for example, from a laser diode is incident 
to an end face of a laser rod as a pumping light to thereby 
generate a desired laser light LO from the laser rod. 

For generating a laser light LO with a short beam 



diameter and a large light quantity by pumping a laser 
rod with a pumping light by the end pumping method, it 
is necessary to pump the laser rod 3 with a pumping 
light L2 having a short beam diameter and a large light 
s quantity, that is, a pumping light L2 having a large power 
density. 

However, the laser diode can merely generate a 
light beam having approximately 1 W at present, and 
therefore it is a future problem how to enhance the in- 
tensity of the pumping light. 

Though the end pumping method can generate the 
laser light LO of a short spot diameter, it cannot efficiently 
pump a laser rod, thereby presenting a difficulty in en- 
hancing the intensity of the laser light LO. 

There has been proposed as one of the solutions 
for this problem a method of generating a pumping light 
having a large light quantity by using an optical fiber bun- 
dle 7 as illustrated in FIG. 3 (OPTICS LETTERS/Vol. 1 3, 
No. 4/April 1988, pp 306 - 308, Fiber-bundle coupled, 
end pumped Nd:YAG laser). 

More specifically, light beams emitted from laser di- 
odes 8A - 8N are led to respective optical fibers consti- 
tuting the fiber optics bundle 7 to thereby guide and con- 
verge the light beams from the laser diodes 8A - 8N by 
means of the fiber optics bundle 7. Then, a pumping light 
L3, which is appropriately converged for pumping a la- 
ser rod 12, is generated through lenses 9 and 10. The 
laser rod 12 is formed with a mirror surface on one end 
face thereof on the side of the fiber optics bundle 7 for 
selectively transmitting the pumping light L3, thereby 
forming an optical resonator by the end face having the 
mirror surface and a mirror 5. 

Since the light beams emitted from the laser diodes 
8A - 8N are converged by the fiber optics bundle 7, the 
light quantity of the pumping light L3 is enhanced. Thus, 
if the light beams from a plurality of the high-output laser 
diodes are converged by the fiber optics bundle 7 to gen- 
erate the pumping light L3, a laser light having a short 
spot diameter and a high light intensity can be emitted. 

On the other hand, a high-output laser diode fea- 
tures in a large stripe width which may be, for example, 
1 00 |Lim. For delivering a light beam outputted from such 
a laser diode to an optical fiber, it is necessary to employ 
an optical fiber having a diameter larger than the stripe 
width of the high-output laser diode, which is required 
by an optical coupling. As the result, the whole diameter 
of the fiber optics bundle 7 becomes larger, which leads 
to increase the beam diameter of the pumping light L3 
outputted from the fiber optics bundle 7. Thus, the 
pumping light L3 having a large light intensity is provid- 
ed, whereas the spot diameter of the pumping light L3 
is larger, thereby presenting a difficulty in improving the 
power density. 

Although a laser light having a large light intensity 
can be generated by applying the pumping light L3 to 
the end pumping method, the spot diameter of the laser 
light pumped by the pumping light L3 becomes larger 
corresponding to the spot diameter thereof. 
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In the patent application G B-2, 1 82, 1 68 A and in the 
article "Diffraction-limited circular single spot from 
phased array lasers" (Applied Optics 28, 4560, Novem- 
ber 1 , 1 989) there are described phase-coupled laser 
array systems, where a two lobe field pattern emitted 
from the phase-coupled laser array is converted into a 
single lobe light beam by means of a polarizing beam 
splitter, whereby the polarizing plane of one of the two 
lobes has been rotated by 90 degrees. A single lobe light 
beam emitted from this polarizing beam splitter is then 
reshaped from a flat ellipse to an ellipse close to a circle 
by means of anamorphic prisms. 

However this configuration is not applicable to laser 
light sources where high power densities are required. 
The transmittance of the anamorphic prism is at its max- 
imum level only for one specific incident angle (brewster 
angle) of the polarization plane with respect to the sur- 
face of the anamorphic prism. Since the single lobe light 
beam emitted from the polarizing beam splitter compris- 
es light with different polarization planes, maximum 
transmittance of the anamorphic prism cannot be 
achieved for the whole light beam. 

WO-A-91/12641 which describes a solid state laser 
diode light source, forms state of the art pursuant to Ar- 
ticles 54(3) and (4) EPC, meeting the requirements of 
Article 158(2) EPC. 

OBJECTS AND SUMMARY OF THE PRESENT 
INVENTION 

It is a first object of the present invention to provide 
a laser light source exhibiting a high power density. 

It is another object of the present invention to pro- 
vide a laser light source having a short spot diameter. 

It is a further object of the present invention to pro- 
vide a solid-state laser exhibiting a high power density 
by using the above-mentioned laser light source. 

It is an additional object of the present invention to 
provide a solid-state laser having a short spot diameter 
by using the above-mentioned laser light source. 

The present invention is directed to an end-pumped 
solid-state laser and a laser light source for its pumping, 
wherein a couple of optical beams having respective 
beam shapes re-formed and polarizing planes arranged 
perpendicular to each other are synthesized by a polar- 
izing beam splitter and thereafter led to an optical guide 
such as an optical fiber through a predetermined optical 
system, thereby generating a synthesized light having 
a short spot diameter and an improved power density 
and providing an end-pumped solid-state laser by 
pumping a laser by this synthesized light. 

More specifically, to solve the problems mentioned 
above, the present invention provides a laser light 
source comprising first and second light sources for 
emitting first and second light beams respectively hav- 
ing a predetermined polarizing plane, first anamorphic 
beam shape re-form means for re-forming the beam 
shape of the first light beam, second anamorphic beam 



shape re-form means for re-forming the beam shape of 
the second light beam, and a polarizing beam splitter 
coupled to receive a first light beam outputted from the 
first anamorphic beam shape re-form means and a sec- 
5 ond beam outputted from the second anamorphic beam 
shape re-form means which has the polarizing plane in- 
clined by 90 degrees relative to the first beam. A syn- 
thesized light outputted from the polarizing beam splitter 
is supplied to an optical guide such as an optical fiber 
to pump a laser rod to thereby generate a laser light. 
Incidentally, the synthesized light outputted from the po- 
larizing beam splitter may be supplied to an optical fiber 
through an optical system for converging a light com- 
prising relay lenses. 

The present invention constructed as described 
above reforms the beam shapes of light beams and may 
supply the re-formed light beams to an optical guide 
such as an optical fiber, whereby an optical guide of a 
short spot diameter can be employed. 

The first and second light beams are synthesized 
by the polarizing beam splitter in a state where the po- 
larizing planes thereof are different by 90 degrees with 
each other and may be led to the optical fiber, thereby 
generating a laser light of a short spot diameter as well 
as a synthesized light with an improved power density. 

The above and other objects, features, and advan- 
tages of the present invention will become apparent 
from the following detailed description of illustrative em- 
bodiments thereof to be read in conjunction with the ac- 
companying drawings, in which like reference numerals 
are used to identify the same or similar parts in the sev- 
eral views. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram illustrating a side 
pumping method; 

FIG. 2 is a schematic diagram illustrating an end 

pumping method; 

FIG. 3 is a schematic diagram showing how a laser 
light is pumped by using a fiber optics bundle; 
FIG. 4 is a block diagram illustrating a laser appa- 
ratus in which the present invention is implemented; 
FIG. 5 is a block diagram illustrating a first embod- 
iment of a laser source according to the present 
invention; 

FIG. 6 is a schematic diagram illustrating a spot of 
a light beam emitted onto an end face of an optical 
fiber in the first embodiment of the present inven- 
tion; 

FIG. 7 is a block diagram illustrating a second 
embodiment of a laser light source of the present 
invention; 

FIG. 8 is a block diagram illustrating an arrange- 
ment of a third embodiment of the laser light source 
according to the present invention; 
FIG. 9 is a diagram illustrating spots of light beams 
on an end face of an optical fiber used in the third 
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embodiment of the present invention; and 
FIG. 10 is a diagram illustrating an arrangement of 
a fourth embodiment of the laser light source 
according to the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
ElVIBODIIVIENTS 

The present invention will now be described in detail 
with reference to the accompanying drawings. 

FIG. 4 illustrates a laser apparatus 20 in which the 
present invention is implemented, where like parts cor- 
responding to those of FIG. 3 are marked with the same 
reference numerals and therefore need not be de- 
scribed. In brief, in this embodiment, laser lights emitted 
from laser light sources 21 A - 21 N are converged to gen- 
erate a pumping or exciting light. 

FIG. 5 illustrates a part of the laser light source em- 
ployed in a first embodiment of the present invention. 
As shown in FIG. 5, each of the laser light sources 21 A 
- 21 N shown in FIG. 4 has laser diodes 22A and 22Bfor 
emitting light beams LA and LB having an intensity of, 
for example, 1 W. In this embodiment, the laser diodes 
22A and 22B are disposed such that the directions of 
stripes for emitting lights are both oriented in parallel 
with the surface of the sheet of drawing and the optical 
axes of the optical beams LA and LB are perpendicular 
to each other. Thus, the light beams LA and LB emitted 
from the laser diodes 22A and 22B are such that the 
polarizing planes thereof are in parallel to the surface of 
the sheet of drawing as indicated by arrows a and b and 
the beam shape thereof is an ellipsoid where the respec- 
tive beams extend over an angle of, for example, ap- 
proximately 10 degrees in the direction parallel to the 
surface of the sheet of drawing and over 30 degrees in 
the direction vertical to the same. 

On the optical axes of the respective laser diodes 
22A and 22B, there are disposed collimator lenses 23A 
and 23B, respectively, to convert the light beams LA and 
LB to parallel light beams. Further, on the optical axes 
of the collimator lenses 23A and 23B, there are disposed 
anamorphic prisms 28A and 28B respectively com- 
posed of two prisms 25A, 25B and 26A, 26B mounted 
on glass substrates 24A, 24B. These anamorphic 
prisms 28A and 28B re-form each of the shapes of the 
light beams LA and LB from a flat ellipse to an ellipse 
close to a circle. Incidentally, when the magnifications 
of the anamorphic prisms 28A and 28B were selected 
to be approximately 2.5, the beam shapes of the light 
beams LA and LB were changed from the flat ellipse to 
the ellipse close to a circle. 

On the optical axis of the anamorphic prism 28A 
there is disposed a half-wave plate 30 with the a polar- 
izing plane thereof being inclined by 45 degrees relative 
to the light beam LB, whereby the polarizing plane of the 
light beam LB is offset by 90 degrees from the polarizing 
plane of the light beam LA. 

Thus, generated are the light beam LB having an 



elliptic beam shape close to a circle and the polarizing 
plane oriented vertical to the surface of the sheet of 
drawing and the laser beam LA having an elliptic beam 
shape close to a circle in a manner similar to the light 
s beam LB and the polarizing plane and the optical axis 
perpendicular to those of the light beam LB. 

Further, on the optical axis of the anamorphic prism 
28A and the half -wave plate 30, there is disposed a po- 
larizing beam splitter (PBS) 32 at a position where the 
10 optical axes of the light beams LA and LB cross so as 
to synthesize the light beams LA and LB. 

The polarizing beam splitter 32 has the properties 
of transmitting a p-wave but reflecting an s-wave. It will 
be understood that the light beam LA is transmitted 
15 through the polarizing beam splitter 32 while the light 
beam LB, the optical axis of which is perpendicular to 
that of the light beam LA, is polarized by 90 degrees by 
the polarizing beam splitter 32, whereby a synthesized 
light LL is generated by coinciding the optical axes of 
20 the light beams LA and LB with each other. 

The light LL thus synthesized by coinciding the op- 
tical axes of the light beams LA and LB and shaped in 
an ellipse close to a circle, exhibits a light intensity ap- 
proximately double that of the light beam LA or LB and 
25 accordingly a higher power density compared with the 
light beams LA and LB. 

In addition, since the two light beams LA and LB 
having their polarizing planes perpendicular to each oth- 
er are synthesized by the polarizing beam splitter 32, 
30 the synthesized light LL can be generated while effec- 
tively avoiding the interference between the two light 
beams LA and LB. 

FIG. 6 illustrates a beam spot shape on an end sur- 
face of an optical fiber connected to an optical connector 
35 37 shown in FIG. 5. The respective beam spots of the 
light beams LA and LB are formed in a substantially 
identical region on the end surface of the optical fiber. 

The anamorphic prism generally has the character- 
istic of changing the transmittance in accordance with 
40 polarizing planes. Specifically, the anamorphic prisms 
28A, 28B exhibit substantially 1 00% of transmittance for 
a polarizing plane parallel to the surface of the sheet of 
drawing while produce a loss of approximately 10% for 
a polarizing plane vertical to the surface of the drawing 
45 paper. For this reason, after the beam shape has been 
re-formed, the polarizing plane is polarized by 90 de- 
grees through the half-wave plate 30 to thereby gener- 
ate the synthesized light LL presenting a large power 
density. 

50 Then, the synthesized light LL is converted to a par- 
allel light by relay lenses 34 and 35 and led to a collima- 
tor lens 36, whereby eclipse of the synthesized light LL 
is avoided. 

The collimator lens 36 converges the incident syn- 
55 thesize light LL and leads the same to the optical con- 
nector 37, whereby the synthesized light LL is incident 

to an optical fiber connected to the optical connector 37. 
The synthesized light LL can be thus efficiently led to 
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optical fibers 40A - 40N of a short diameter (see FIG. 4) 
through the optical system composed of the relay lenses 
34, 35 and collimator lens 36. 

In the present embodiment, the magnification A of 
the anamorphic prisms 28A and 28B is selected to be 
2.5 so as to re-form the shape of the light beams LA and 
LB from a flat ellipse to an ellipse close to a circle, there- 
by reducing the spot size of the synthesized light LL 
when it is incident to the optical fiber. 

The present embodiment employs the laser diodes 
22A and 228, the stripe width of which is 200 jiim to syn- 
thesize the light beams LA and LB emitted from the laser 
diodes 22A and 228. Also, the anamorphic prisms 28A 
and 288 provide a reduced size of the spot on the end 
surface of the optical fiber connected to the optical con- 
nector 37. More specifically, with the magnification A se- 
lected to be 2.5, as mentioned above, the spot size is 
reduced as given by the following equation: 
200 |am/A = 200 jLLm/2.5 = 80 iLim 

Thus, the synthesized light LL having the spot size 
reduced to 80 |Lxm is supplied to the optical fiber, the di- 
ameter of which is 100 lam. It is therefore possible to 
provide a light density several times higher as compared 
with a case where the synthesized light LL is directly 
incident to an optical fiber with the diameter of 200 |Lim. 

The optical fibers 40A - 40N shown in FIG. 4 form 
a bundle so as to converge the synthesized lights LL 
emitted from the respective laser light sources 21 A - 
21 N and pump the laser rod 1 2 on the end surface there- 
of by the converged synthesized light. The laser rod 12 
can be thus pumped on the end surface thereof by the 
synthesized light LL having a short spot diameter and 
an improved power density, whereby the laser light LO 
correspondingly having a short spot diameter and a 
large light intensity is emitted. 

In the present embodiment, the laser diodes 22A 
and 228 constitute first and second light sources for 
emitting the first and second light beams LA and L8 re- 
spectively having a predetermined polarizing plane. The 
anamorphic prisms 28A and 288 in turn constitute first 
and second beam shape re-forming means for re-form- 
ing the shape of the first and second light beams LA and 
L8. Also, the relay lenses 34, 35 and the collimator lens 
36 constitute an optical system for converging the syn- 
thesized light LL outputted from the polarizing beam 
splitter 32 and leading the converged synthesized light 
to the optical fiber. 

According to the above described structure, the 
light beams LA and LB having the beam shapes re- 
formed and the polarizing planes perpendicular to each 
other are synthesized by the polarizing beam splitter 32 
and then led to the optical fiber through a predetermined 
optical system, thereby making it possible to provide a 
laser light having a shorter spot diameter and an im- 
proved power density. 

FIG. 7 illustrates a laser light source of a second 
embodiment of the present invention, where like parts 



corresponding to those of FIG. 5 are marked with the 
same reference numerals. A laser light source, gener- 
ally indicated by 60 in FIG. 7, emits a synthesized light 
LL to an optical connector 37. A laser rod is pumped by 

5 the synthesized light LL to emit a laser light. 

More specifically, the laser light source 60 has 
prisms 25A, 258 and 26A, 268 respectively constituting 
anamorphic prisms 28 A, 288, the half -wave plate 30 
and the polarizing beam splitter 32 mounted on a glass 

10 substrate 41 , whereby the overall size of the light source 
is reduced. 

Further, the prism 26A, the polarizing beam splitter 
32, the half-wave plate 30 and the prism 26B are inte- 
grated on their light incident and emitting faces, which 

15 are parallel to each other by abutting, contacting, etc., 
whereby the size of the glass substrate 41 is reduced 
and accordingly the overall size of the laser light source 
60 is further reduced. If the prisms 26A, 268, the half- 
wave plate 30 and the polarizing beam splitter 32 are 

20 thus integrally formed by bonding or the like, a coating 
process for preventing reflection can be removed on the 
contacting surfaces of the the prisms 26A, 268, the half- 
wave plate 30 and the polarizing beam splitter 32, there- 
by making it possible to provide the laser light source 

25 60 of a correspondingly simple structure as a whole. 
Such reduction of the overall size of the laser light 
source 60 by mounting the prisms 25A, 258 and 26A, 
268, the half-wave plate 30 and the polarizing beam 
splitter 32 on the single glass substrate 41 also results 

30 in reducing the optical path from the laser diodes 22A, 
228 to the optical connector 37. 

Reference numeral 44 denotes the optical system 
for converging the synthesized light beam out-putted 
from the polarizing beam splitter 32 as described above. 

35 According to the structure shown in FIG. 7, the 
prisms 25A, 258, 26A and 2G8, the half -wave plate 30 
and the polarizing beam splitter 32 are mounted on the 
single glass substrate 41 and the opposing surfaces 
thereof are brought into contact by the bonding-process, 

40 whereby a much simpler and smaller-sized laser light 
source 60 can be provided in addition to the effects pro- 
duced by the first embodiment. 

While the second embodiment shown in FIG. 7 has 
been discussed for the case that, after the light beams 

45 LA and L8, the polarizing planes of which are parallel to 
the surface of the sheet of drawing, are respectively 
emitted from the laser diodes 22A and 228, the polariz- 
ing plane of the light beam L8 is polarized by 90 degrees 
by the half-wave plate 30 through the anamorphic 

50 prisms 28A, 288, the present invention is not limited to 
this specific embodiment. Alternatively, after the light 
beams LA and L8, the polarizing planes of which are 
vertical to the surface of the sheet of drawing, are re- 
spectively emitted from the laser diodes 22A and 228, 

55 the polarizing plane of the light beam LA may be polar- 
ized by 90 degrees with respect to the polarizing plane 
of the light beam L8 by the half-wave plate 30. 

Also, instead of emitting from the laser diodes 22A 
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and 22B the light beams LA and LB, the polarizing 
planes of which are coincident with each other, the laser 
diode 228 and the anamorphic prism 288 may be dis- 
posed with inclination of 90 degrees therebetween, 
whereby the half-wave plate 30 may be removed. 

FIG. 8 illustrates a third embodiment of the laser 
light source of the present invention, where like parts 
corresponding to those shown in FIG. 5 are marked with 
the same reference numerals. In the embodiment 
shown in FIG. 8, the half-wave plate 30 shown in FIG. 
5 is removed, a laser diode 228 emits a laser beam in 
an elliptic shape which extends over approximately 10 
degrees in the direction perpendicular to the surface of 
the sheet of drawing indicated by c and over approxi- 
mately 30 degrees in the direction parallel to the same, 
and an anamorphic prism 288 is deviated by 90 degrees 
about the optical axis. 

Therefore the polarizing plane of a light beam LA 
(p-polarizing light) from the laser diode 22A is perpen- 
dicular to the polarizing plane of a light beam L8 (s-po- 
larizing light) from the laser diode 228. The shapes of 
these light beams LA, L8 are re-formed respectively by 
anamorphic prisms 28A, 288 in an ellipse close to a cir- 
cle and then synthesized by a polarizing beam splitter 
32. It will therefore be understood from FIG. 9 that elliptic 
beam spots SPa, SPb of the light beams LA, L8 on an 
end surface of an optical fiber connected to an optical 
connector 37 have the major axes substantially perpen- 
dicular to each other. In the laser light source shown in 
FIG. 5, on the contrary, beam spots SPa, SPb of the light 
beams LA, LBonthe end surface of the optical fiber con- 
nected to the optical connector 37 have the major axes 
oriented in the same direction as shown in FIG. 6. The 
rest of the structure shown in FIG. 8 is the same as the 
embodiment shown in FIG. 5. 

The third embodiment shown in FIG. 8 is advanta- 
geous over the embodiment shown in FIG. 5 in that a 
speckle noise (modal noise) due to the optical fiber is 
reduced, and the half -wave plate is not needed to there- 
by further simplify the structure. 

Next, the speckle noise (modal noise) will be dis- 
cussed. The speckle noise (modal noise) am^ is given 
by: 

am^ = {Fc^/(Fc^+2Fs^)}.{(1-P)/P}/Np 
where Fc represents a fiber bandwidth, Fs a laser line 
width, P a coupling efficiency, and Np a number of pump- 
ing modes. It will be understood from the above equation 
that the third embodiment shown in FIG. 8 reduces the 
speckle noise (modal noise) since the number of pump- 
ing modes is increased, as compared with the embodi- 
ment shown in FIG. 5. 

While the above embodiments have been dis- 
cussed for the case that the synthesized light LL with 
the same wavelength is converged by the optical fibers, 
the present invention is not limited to this specific case. 
Alternatively, it is possible that, after a synthesized light 
may be generated from light beams with different wave- 



lengths from each other by the aforementioned laser 
light source, it is converged, for example, by a dichroic 
mirror and led to an optical fiber. 

FIG. 10 illustrates a fourth embodiment of the 

5 present invention in which respective laser light sources 
50, 51 , 52 are constructed in the same manner as the 
laser light sources employed in the above-mentioned 
embodiments. More specifically, light beams emitted 
from a couple of laser diodes are synthesized by a po- 

10 larizing beam splitter, and synthesized light LL1 , LL2, 
LL3, respectively having wavelengths of 780 nm, 810 
nm, 830 nm are generated. 

The synthesized lights LL1, LL2, LL3 are further 
synthesized through a mirror 54 and dichroic mirrors 55, 

15 56 such that the optical axes of the respective synthe- 
sized lights LL1, LL2, LL3 are coincident with one an- 
other. 

With such a structure, it is possible to generate the 
synthesized lights LL1 , LL2, LL3 having shorter beam 
20 diameters and larger light quantities as compared with 
the prior art as well as supply synthesized lights respec- 
tively having a different wavelength to a single optical 
fiber. 

While the above embodiments have been de- 
25 scribed for the case that a predetermined laser rod is 
pumped to generate a laser light, the present invention 
is not limited to such specific embodiments and the syn- 
thesized laser light emitted from the laser light source 
can be widely applied to a laser printing, a laser solder- 
30 ing, a laser machining, a laser scalpel, or the like. 

While several preferred embodiments of the 
present invention have been described in detail herein- 
above, many modifications and variations thereof would 
be apparent to those skilled in the art without departing 
55 from the scope of the present invention, which is to be 
defined by the appended claims. 



Claims 

40 

1 . A laser light source comprising: 

a first light source (22A) for emitting a first light 
beam (LA) having a predetermined polarizing 
45 plane; 

a second light source (228) for emitting a sec- 
ond light beam (L8) having a predetermined 
polarizing plane; 

first anamorphic beam shape re-form means 
50 (28A) for re-forming the beam shape of said first 

light beam (LA); 

second anamorphic beam shape re-form 
means (288) for re-forming the beam shape of 
said second light beam (L8); 
55 a polarizing beam splitter (32) for synthesizing 

a first light beam outputted from said first 
anamorphic beams shape re-form means (28 
A) and a second light beam outputted from said 
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second anamorphic beam shape re-form 
means (28B) which is supplied to said polariz- 
ing beam splitter (32) with an incident angle 
deviated by an angle of 90 degrees relative to 
the incident angle of said first light beam out- s 
putted from said first anamorphic beam shape 
re-form means (28A) and with a polarizing 
plane that is orientated at an angle of 90 
degrees relative to the polarizing plane of said 
first light beam outputted from said first io 
anamorphic beam shape re-form means (28A); 
and a beam converging optical system (34, 35, 
36; 44) comprising relay lenses (34, 35) for con- 
verging the synthesized light beam outputted 
from said polarizing beam splitter (32). 15 



2. A laser light source according to claim 1 , wherein 
there is provided a polarizing means (30) for polar- 
izing said second light beam emitted from said sec- 
ond anamorphic beam shape re-form means (28B) 20 
such that the polarizing plane of said second light 
beam emitted from said polarizing means (30) is ori- 
entated at an angle of 90 degrees relative to the 
polarizing plane of said first light beam emitted from 
said first anamorphic beam shape re-form means 25 
(28A). 

3. A laser light source according to claim 2, wherein 
said polarizing means (30) is a halfwave plate. 

30 

4. A laser light source according to claim 1, wherein 
the polarizing plane of said second light beam (LB) 
emitted from said second light source (22B) is dif- 
ferent by an angle of 90 degrees relative to the 
polarizing plane of said first light beam (LA) emitted 3S 
from said first light source (22A). 

5. A laser light source according to any one of claims 

1 to 4, wherein said first and second anamorphic 
beam shape re-form means (28A, 28B) are anamor- 40 
phic prisms (25A, 26A; 25B, 26B). 

6. A laser light source according to any one of claims 
1 to 5, wherein the light beam (LL) outputted from 
said beam converging optical system (34, 35, 36; 45 
44) is supplied to an optical guide. 

7. A laser light source according to claim 6, wherein 



8. 



9. A laser light source according to claim 2, wherein ss 
said first and second anamorphic beam shape re- 
form means (28A, 288), said polarizing means (30) 
and said beam splitter (32) are mounted on a single 



substrate (41). 

10. A laser light source according to claim 9, wherein 
the beam emitting surface of said first anamorphic 
beam shape re-form means (28A) is formed inte- 
grally with the corresponding beam incident surface 
of said beam splitter (32). 

11. A laser light source according to claim 9 or 10, 
wherein the beam emitting surface of said polariz- 
ing means (30) is formed integrally with the corre- 
sponding beam incident surface of said beam split- 
ter (32). 

12. A laser light source according to claim 11 , wherein 
the beam emitting surface of said second anamor- 
phic beam shape re-form means (28B) is formed 
integrally with the corresponding beam incident sur- 
face of said polarizing means (30). 

13. A laser light source according to claim 4, wherein 
said first and second anamorphic beam shape re- 
form means (28A, 28B) and said beam splitter (32) 
are mounted on a single substrate (41). 

14. A laser light source according to claim 13, wherein 
the beam emitting surface of said first anamorphic 
beam shape re-form means (28A) and/or the beam 
emitting surface of said second anamorphic beam 
shape re-form means (28B) is formed integrally with 
the corresponding beam incident surface of said 
beam splitter (32). 

15. A solid state laser device comprising: 

a laser light source (21) according to claim 1 
and 

an optical fiber (40) which is supplied with a 
light beam outputted from said beam splitter 
(32), wherein a light beam outputted from said 
optical fiber is supplied to a laser medium to 
generate a laser light. 



Patentanspruche 

1. Laserlichtquelle, umfassend 

eine erste Lichtquelle (22A) zum Emittieren 

eines ersten Lichtstrahls (LA) mit einer 

bestimmten Polarisationsebene, 

eine zweite Lichtquelle (22B) zum Emittieren 

eines zweiten Lichtstrahls (LB) mit einer 

bestimmten Polarisationsebene, 

eine erste anamorphotische Strahl-Umform- 

vorrichtung (28A) zum Umformen der Strahl- 

form des ersten Lichtstrahls (LA), 

eine zweite anamorphotische Strahl-Umform- 



A laser light source according to claim 6, wherein 
said optical guide is an optical fiber (40). 

A laser light source according to claim 7, wherein a 
plurality of said optical fibers (40A - 40N) are bun- 
dled to form a single light source. 
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vorrichtung (28B) zum Umformen der Strahl- 
form des zweiten Lichtstrahls (LB), 
einen Polarisations-Strahlteiler (32) zum Syn- 
thetisieren eines von der ersten anamorphoti- 
schen Strahl-Umformvorrichtung (28A) ausge- s 
gebenen ersten Lichtstrahls und eines von der 
zweiten anamorphotischen Strahl-Unnformvor- 
richtung (288) ausgegebenen zweiten Licht- 
strahls, welcher dem Polarisations-Strahlteiler 
(32) mit einem gegenuber dem Einfallswinkel io 
des von der ersten anamorphotischen Strahl- 
Umformvorrichtung (28A) ausgegebenen 
ersten Lichtstrahls um 90 Grad unterschiedli- 
chen Einfallswinkel und mit einer gegenuber 
der Polarisationsebene des von der ersten ana- 15 
morphotischen Strahl-Umformvorrichtung 
(28A) ausgegebenen ersten Lichtstrahls mit 
einem Winkel von 90 Grad ausgerichteten 
Polarisationsebene zugefuhrt wird, und 
ein optisches Strahl-Bundelungssystem (34, 20 
35, 36; 44) mit Zwischenlinsen (34, 35) zum 
Bundein des von dem Polarisations-Strahlteiler 
(32) ausgegebenen synthetisierten Licht- 
strahls. 

25 

2. Laserlichtquelle nach Anspruch 1 , wobei eine Pola- 
risationsvorrichtung (30) vorhanden ist, um den von 
der zweiten anamorphotischen Strahl-Umformvor- 
richtung (28B) ausgegebenen zweiten Lichtstrahl 
derart zu polarisieren, da3 die Polarisationsebene 30 
des von der Polarisationsvorrichtung (30) ausgege- 
benen zweiten Lichtstrahls gegenuber der Polarisa- 
tionsebene des von der ersten anamorphotischen 
Strahl-Umformvorrichtung (28A) ausgegebenen 
ersten Lichtstrahls mit einem Winkel von 90 Grad 3S 
ausgerichtet ist. 



leitende Vorrichtung eine Lichtleitfaser (40) ist. 

8. Laserlichtquelle nach Anspruch 7, wobei eine Viel- 
zahl von Lichtleitfasern (40A-40N) gebundelt sind, 
um eine einzige Lichtquelle zu bilden. 

9. Laserlichtquelle nach Anspruch 2, wobei die ersten 
und zweiten anamorphotischen Strahl-Umformvor- 
richtungen (28A, 28B), die Polarisationsvorrichtung 
(30) und der Strahlteiler (32) auf einem einzigen 
Substrat (41) angeordnet sind. 

10. Laserlichtquelle nach Anspruch 9, wobei die einen 
Lichtstrahl emittierende Oberflache der ersten ana- 
morphotischen Strahl-Umformvorrichtung (28A) 
mit der entsprechenden den Lichtstrahl empfan- 
genden Oberflache des Strahlteiler (32) integriert 
ausgebildet ist. 

11. Laserlichtquelle nach Anspruch 9 oder 10, wobei 
die einen Lichtstrahl emittierenden Oberflache der 
Polarisationsvorrichtung (30) mit der entsprechen- 
den den Lichtstrahl empfangenden Oberflache des 
Strahlteilers (32) integriert ausgebildet ist. 

12. Laserlichtquelle nach Anspruch 1 1 , wobei die einen 
Lichtstrahl emittierende Oberflache der zweiten 
anamorphotischen Strahl-Umformvorrichtung 
(28B) mit der entsprechenden den Lichtstrahl emp- 
fangenden Oberflache der Polarisationsvorrichtung 
(30) integriert ausgebildet ist. 

13. Laserlichtquelle nach Anspruch 4, wobei die erste 
und zweite anamorphotische Strahl-Umformvor- 
richtung (28A, 28B) sowie der Strahlteiler (32) auf 
einem einzigen Substrat (41) angeordnet sind. 



3. Laserlichtquelle nach Anspruch 2, wobei die Pola- 
risationsvorrichtung (30) eine Halbwellenplatte ist. 

4. Laserlichtquelle nach Anspruch 1, wobei die Pola- 
risationsebene des von der zweiten Lichtquelle 
(22B) emittierte zweiten Lichtstrahls (LB) von der 
Polarisationsebene des von der ersten Lichtquelle 
(22A) emittierten ersten Lichtstrahls (LA) um einen 
Winkel von 90 Grad unterschiedlich ist. 

5. Laserlichtquelle nach einem der Anspruche 1 bis 4, 
wobei die erste und zweite anamorphotische 
Strahl-Umformvorrichtungen (28A, 28B) Anamor- 
phot-Prismen (25A, 25B; 26A, 26B) sind. 

6. Laserlichtquelle nach einem der Anspruche 1 bis 5, 
wobei der von dem optischen Strahl-Bundelungs- 
system (34, 35, 36; 44) ausgegebene Lichtstrahl 
(LL) einer Lichtleitende Vorrichtung zugefuhrt wird. 



14. Laserlichtquelle nach Anspruch 1 3, wobei die einen 

Lichtstrahl emittierende Oberflache der ersten ana- 
40 morphotischen Strahl-Umformvorrichtung (28A) 
und/oder die einen Lichtstrahl emittierende Oberfla- 
che der zweiten anamorphotischen Strahl-Umform- 
vorrichtung (28B) mit der entsprechenden den 
Lichtstrahl empfangenden Oberflache des Strahl- 
45 tellers (32) integriert ausgebildet ist. 

15. Festkorperlaservorrichtung, umfassend 



eine Laserlichtquelle (21) nach Anspruch 1, 

50 und 

eine Lichtleitfaser (40), der ein von dem Strahl- 
teiler (32) ausgegebener Lichtstrahl zugefuhrt 
wird, wobei ein von der Lichtleitfaser ausgege- 
bener Lichtstrahl einem Lasermedium zur 

55 Erzeugung von Laserlicht zugefuhrt wird. 



7. Laserlichtquelle nach Anspruch 6, wobei die Licht- 
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Revendications 

1. Source de lumiere laser, comprenant : 

une premiere source (22A) de lumiere destinee 
a emettre un premier faisceau lumineux (LA) 
ayant un plan predetermine de polarisation, 
une seconde source (22B) de lumiere destinee 
a emettre un second faisceau lumineux (LB) 
ayant un plan predetermine de polarisation, 
un premier dispositif (28A) de transformation 
par anamorphose de la configuration du fais- 
ceau, destine a transformer la configuration du 
premier faisceau lumineux (LA), 
un second dispositif (288) de transformation 
par anamorphose de la configuration du fais- 
ceau, destine a transformer la configuration du 
second faisceau lumineux (LB), et 
un repartiteur (32) de faisceau polarisant des- 
tine a synthetiser un premier faisceau lumineux 
transmis par le premier dispositif de transfor- 
mation par anamorphose (28A) et un second 
faisceau lumineux transmis par le second dis- 
positif de transformation par anamorphose 
(288) au repartiteur (32) de faisceau polarisant 
avec un angle d'incidence qui differe de 90° par 
rapport a Tangle d'incidence du premier fais- 
ceau lumineux provenant du premier dispositif 
de transformation par anamorphose (28A) et 
avec un plan de polarisation qui est oriente a 
90° par rapport au plan de polarisation du pre- 
mier faisceau lumineux transmis par le premier 
dispositif de transformation par anamorphose 
(28 A), et 

un systeme optique (34, 35, 36 ; 44) destine a 
faire converger le faisceau et comprenant des 
lentilles relais (34, 35) destinees a faire conver- 
ger le faisceau lumineux synthetise provenant 
du repartiteur (32) de faisceau polarisant. 

2. Source de lumiere laser selon la revendication 1, 
dans laquelle un dispositif polarisant (30) est incor- 
pore afin qu'il polarise le second faisceau lumineux 
emis par le second dispositif de transformation par 
anamorphose (288) et que le plan de polarisation 
du second faisceau lumineux emis par le dispositif 
polarisant (30) soit oriente avec un angle de 90° par 
rapport au plan de polarisation du premier faisceau 
lumineux emis par le premier dispositif de transfor- 
mation par anamorphose (28A). 

3. Source de lumiere laser selon la revendication 2, 
dans laquelle le dispositif polarisant (30) est une 
lame demi-onde. 

4. Source de lumiere laser selon la revendication 1, 

dans laquelle le plan de polarisation du second fais- 
ceau lumineux (L8) emis par la seconde source 



(228) de lumiere differe de 90° du plan de polarisa- 
tion du premier faisceau lumineux (LA) emis par la 
premiere source de lumiere (22A). 

s 5. Source de lumiere laser selon I'unequelconque des 
revendications 1 a 4, dans laquelle le premier et le 
second dispositif de transformation par anamor- 
phose (28A, 288) sont des prismes anamorpho- 
seurs (25A, 26A ; 258, 268). 

10 

6. Source de lumiere laser selon I'une quelconque des 
revendications 1 a 5, dans laquelle le faisceau lumi- 
neux (LL) transmis par le systeme optique (34, 35, 
36 ; 44) de convergence de faisceau est transmis a 

15 un guide optique. 

7. Source de lumiere laser selon la revendication 6, 
dans laquelle le guide optique est une fibre optique 
(40). 

20 

8. Source de lumiere laser selon la revendication 7, 
dans laquelle plusieurs fibres optiques (40A-40N) 
sont regroupees afin qu'elles torment une seule 
source lumineuse. 

25 

9. Source de lumiere laser selon la revendication 2, 
dans laquelle le premier et le second dispositif de 
transformation par anamorphose (28A, 288), le dis- 
positif polarisant (30) et le repartiteur de faisceau 

30 (32) sont montes sur un seul substrat (41 ). 

10. Source de lumiere laser selon la revendication 9, 
dans laquelle la surface d'emission de faisceau du 
premier dispositif de transformation par anamor- 

35 phose (28A) est formee afin qu'elle soit solidaire de 
la surface correspondante d'incidence de faisceau 
du repartiteur de faisceau (32). 

11. Source de lumiere laser selon la revendication 9 ou 
40 1 0, dans laquelle la surface d'emission du faisceau 

du dispositif polarisant (30) est formee afin qu'elle 
soit solidaire de la surface correspondante d'inci- 
dence du faisceau du repartiteur de faisceau (32). 

45 12. Source de lumiere laser selon la revendication 11, 
dans laquelle la surface d'emission du faisceau du 
second dispositif de transformation par anamor- 
phose (288) est formee afin qu'elle soit solidaire de 
la surface correspondante d'incidence du faisceau 
50 du dispositif polarisant (30). 

13. Source de lumiere laser selon la revendication 4, 
dans laquelle le premier et le second dispositif de 
transformation par anamorphose (28A, 288) et le 

55 repartiteur de faisceau (32) sont montes sur un 
meme substrat (41). 

14. Source de lumiere laser selon la revendication 13, 
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dans laquelle la surface d'emission de faisceau du 
premier dispositif de transformation par anamor- 
phose (28A) et/ou la su rface d'emission de faisceau 
du second dispositif de transformation par anamor- 
phose (28B) sont formees afin qu'elles soient soli- s 
daires de la surface correspondante d'incidence de 
faisceau du repartiteur de faisceau (32). 

15. Dispositif laser a semi-conducteur, comprenant : 

une source (21 ) de lumiere laser selon la reven- 
dication 1 , et 

une fibre optique (40) qui regoit un faisceau 
lumineux provenant du repartiteur de faisceau 
(32), le faisceau lumineux provenant de la fibre 
optique etant transmis a un milieu a effet laser 
pour la creation de lumiere laser. 

20 



25 



30 



35 



40 



45 



50 



10 



15 



10 



EP0 468 319B1 



FIG. 1 

I 1 i h 



— r 
0' 



FIG. 2 



L2 

















FIG. 3 



SA- 



10 



i 



L3 



8N- 



11 



EP0 468 319B1 




12 



EP0 468 319B1 




13 



EP0 468 319B1 




FIG. 7 




14 



EP0 468 319B1 




15 



EP0 468 319B1 



FIG. 9 




SPb 



SPa 



FIG. W 



5^ 



55 



56 



LL1 



LL2 




LL3- 



50 



51 




16 



